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(54) Absorption refrigerator

(57) An absorption refrigerator includes a gas extrac-
tion tube (35) for extracting non-condensable gas (33)
from the absorption refrigerator. The gas extraction tube
is disposed vertically in an absorber (16) and includes a
pressure balancing section (36) extending above a
neighborhood on an upper side of a maximum liquid level
(17MAX) of the absorber, and a gas extracting section
(37) extending below the neighborhood on the upper side
of the maximum liquid level of the absorber. The gas
extraction tube has a plurality of suction holes (38, 39)
formed therein and distributed over the pressure balanc-
ing section and the gas extracting section.
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Description

[0001] The present invention relates to an absorption
refrigerator that generates a refrigerant vapor by using
heat absorbed from outside and recovers a refrigerant
by giving off heat to the outside while circulating the re-
frigerant vapor.
[0002] Absorption refrigerators work on the principle
that heat is absorbed from outside, the thus absorbed
heat is absorbed by a refrigerant in an evaporator to
cause the refrigerant to become a vapor, the refrigerant
vapor is absorbed in an absorbent solution in an absorb-
er, the refrigerant-concentrated absorbent solution is
heated in a generator to separate the refrigerant vapor
and the absorbent solution, and the separated refrigerant
vapor is condensed by a condenser and gives off heat
to the outside, which can be used in, for example, a heat
exchanger of a room air-conditioning system.
[0003] There are two working fluids in the absorption
refrigerators; the refrigerant, and the absorbent that ab-
sorbs the refrigerant. A known choice is to use water as
the refrigerant, and an aqueous saline solution of lithium
bromide as the absorbent. This choice is called "Libr-
H2O system". Another known choice is to use TFE (trif-
luorochloroethylene) as the refrigerant and DMI deriva-
tive (1, 3-dimethyl-2-imidazolidinone) as the absorbent.
This choice is called "TFE/DMI system".
[0004] The absorption refrigerator using the Libr-H2O
system or the TFE/DMI system encounters a problem
that due to the reaction between the refrigerant and the
outside air entering into the absorber, the reaction be-
tween a structural material of the heat exchanger and
the refrigerant, or the decomposition of the refrigerant in
the absorber, a non-condensable gas is produced and
the thus produced non-condensable gas will increase the
internal pressure of the whole system of the absorption
refrigerator and eventually deteriorate the performance
of the absorption refrigerator.
[0005] While the absorption refrigerator is not operat-
ing, the non-condensable gas spreads uniformly over the
entire absorption refrigerator due to diffusion. In view of
this, large-sized absorption refrigerators for industrial use
are provided with a tank for holding such non-condensa-
ble gas, so that the non-condensable gas can be extract-
ed from the tank by means of a vacuum pump. One ex-
ample of such large-sized industrial absorption refriger-
ators is disclosed in Japanese Patent Application Laid-
open Publication (JP-A) No. 10-306959. The disclosed
absorption refrigerator comprises a gas extraction de-
vice, which includes a gas extraction pipe disposed hor-
izontally in an absorber for guiding a refrigerant vapor
including non-condensable gas, a solution pipe for guid-
ing an absorbent solution, an ejector as the collecting
means, and a gas extraction tank as the non-condensa-
ble gas holding means. The ejector collects the non-con-
densable gas in a concentrated condition through ab-
sorption of the refrigerant gas including the non-conden-
sable gas by the absorbent solution and sends the con-

centrated non-condensable gas into the gas extraction
tank. The gas extraction tank has a connector adapted
to be connected to a vacuum pump as the evacuation
means for extracting the non-condensable gas, and an
on-off valve incorporated in the connector. The absorbent
solution returns from the gas extraction tank to the ab-
sorber.
[0006] Due to the presence of the gas extraction tank,
the gas extraction device of the disclosed absorption re-
frigerator is large in size and cannot be incorporated in
a small-sized home-use absorption refrigerator. In case
of a small-sized home-use absorption refrigerator, the
extraction of non-condensable gas from the absorption
refrigerator is practically impossible due to the absence
of a large-capacity gas extraction tank for holding the
non-condensable gas. While the absorption refrigerator
provided with no gas extraction tank is in not operating,
the non-condensable gas spreads uniformly over the en-
tire absorption refrigerator and this makes it difficult to
evaporate the non-condensable gas.
[0007] Thus, the extraction of condensable gas should
be executed while the absorption refrigerator is in oper-
ation. While the absorbent refrigerator is in operation,
non-condensable gas produced in the absorption refrig-
erator is carried by a stream of refrigerant vapor into an
absorber and a condenser and stays in the absorber and
the condenser. Since the non-condensable gas gathers
at an end of the stream of refrigerant vapor, this position
is most effective to perform the extraction of non-con-
densable gas. However, because this position is an in-
terface between the gas and the liquid, if a gas extraction
tube is provided at this particular position, the liquid can
readily be sucked into the gas extraction tube during the
evacuation as the liquid level undergoes a change from
moment to moment depending on running conditions of
the absorption refrigerator. The sucked liquid will cause
a malfunction of the vacuum pump, and a leakage of the
refrigerant and/or absorbent solution from the absorption
refrigerator.
[0008] It is therefore an object of the present invention
to provide an absorption refrigerator, which is capable of
performing the extraction of non-condensable gas with-
out involving undesired sucking of an absorbent solution.
[0009] According to an aspect of the present invention,
there is provided an absorption refrigerator, comprising:
an evaporator which absorbs heat from the outside and
causes a refrigerant to evaporate, thereby generating a
refrigerant vapor; an absorber which causes the refrig-
erant vapor to be absorbed by an absorbent solution; a
generator which heats the absorbent solution including
the refrigerant vapor absorbed therein to release the re-
frigerant vapor from the absorbent solution; and a con-
denser which condenses the thus released refrigerant
vapor into the refrigerant and gives off heat to the outside,
characterized in that a gas extraction tube is disposed
vertically in at least one of the absorber and the condens-
er for extracting non-condensable gas from the absorp-
tion refrigerator, wherein the gas extraction tube includes
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a pressure balancing section extending above a neigh-
borhood on an upper side of a maximum liquid level of
the absorber or the condenser, and a gas extracting sec-
tion continuous with pressure balancing section and ex-
tending below the neighborhood on the upper side of the
maximum liquid level of the absorber or the condenser,
and wherein the gas extraction tube has a plurality of
suction holes formed therein and distributed over the
pressure balancing section and the gas extracting sec-
tion.
[0010] Preferably, the plurality of suction holes are ar-
ranged such that the pressure balancing section has an
opening area larger than an opening area of the gas ex-
tracting section.
[0011] It is preferable that the gas extracting section
have a plurality of suction holes arranged in a vertical
direction of the gas extraction tube, and an uppermost
suction hole of the plurality of suction holes is disposed
above the maximum liquid level of the absorber or the
condenser.
[0012] Preferably, the gas extraction tube is connected
to an extraction port through which the non-condensable
gas is discharged to the outside, and the extraction port
is provided with a check valve for blocking leakage of the
non-condensable gas through the extraction port.
[0013] Certain preferred embodiments of the present
invention will be described in detail below, by way of ex-
ample only, with reference to the accompanying draw-
ings, in which:

Fig. 1 is a system diagram of an absorption refriger-
ator according to a first embodiment of the present
invention;
Fig. 2 is a system diagram showing an evaporator,
an absorber, a generator and a condenser of the
absorption refrigerator;
Fig. 3 is a side view, with parts in cross section, of a
gas extraction means or device of the absorption re-
frigerator;
Fig. 4 is a side view with parts cutaway for clarity of
a gas extraction tube of the gas extraction device;
Fig. 4B is a cross-sectional view taken along line 4B-
4B of Fig. 4A;
Fig. 5 is a cross-sectional view of a check valve of
the gas extraction device;
Fig. 6 is a cross-sectional view of the check valve
and an evacuation tool assembled with the check
valve;
Fig. 7 is a cross-sectional view of the check valve
forcibly placed in an open position by means of the
evacuation tool;
Figs. 8A and 8B are views similar to Fig. 4, but show-
ing operation of the gas extraction tube during the
evacuation in conjunction with a change in the liquid
level of an absorber; and
Fig. 9 is a system diagram showing an evaporator,
an absorber, a generator and a condenser of an ab-
sorption refrigerator according to a second embod-

iment of the present invention.

[0014] Referring now to Fig. 1, there is shown an ab-
sorption refrigerator 10 according to a first embodiment
of the present invention. The absorption refrigerator 10
generally comprises an absorption heat pump unit 11
(hereinafter referred to for brevity as "heat pump unit 11")
and a boiler 12 associated with the heat pump unit 11 for
heating hot water obtained by the heat pump unit 11.
[0015] The heat pump unit 11 includes a heat-source
heat exchanger 14 for absorbing heat from underground
water or outside air (i.e., the outside), an evaporator 15
which absorbs externally absorbed heat and causing a
refrigerant to boil or evaporate, thereby generating a re-
frigerant vapor, an absorber 16 which causes the refrig-
erant vapor generated by the evaporator 15 to be ab-
sorbed by an absorbent solution 17, a generator 18 which
heats the absorbent solution 17 including the refrigerant
vapor absorbed therein to separate or release the refrig-
erant vapor 20a from the absorbent solution 17, a rectifier
21 for increasing the purity of the released refrigerant
vapor 20a, and a condenser 22 which condenses the
high-purity refrigerant vapor 20a and gives off heat to the
outside.
[0016] The refrigerant used in the evaporator 15 in-
cludes fluorinated alcohols, such as TFE (trifluorochlo-
roethylene). The absorbent solution 17 used in the ab-
sorber 16 includes a solution of absorbent such as a DMI
derivative (1, 3-dimethyl-2-imidazolidinone). Materials
for the refrigerant and the absorbent solution should by
no means be limited to those specified above but may
be substituted by any other materials as selected appro-
priately.
[0017] With the heat pump unit 11 of the foregoing con-
struction, water circulating through a cooling water circuit
23 absorbs heat from the heat-source heat exchanger
14 and the thus heated circulating water is guided into
the evaporator 15. In the evaporator 15, the refrigerant
20, which is returned from the condenser 22, as indicated
by the arrow D shown in Fig. 2, absorbs heat from the
circulating water and becomes evaporated, thereby gen-
erating a refrigerant vapor. The thus generated refriger-
ant vapor is delivered from the evaporator 15 to the ab-
sorber 16, as indicated by the arrow A shown in Fig. 2.
[0018] The refrigerant vapor thus delivered in the ab-
sorber 16 is absorbed by the absorbent solution 17. The
absorbent solution 17 including the refrigerant vapor ab-
sorbed therein is delivered via a piping 24 to the generator
18, as indicated by the arrow B shown in Fig. 2. The
absorbent solution 17 delivered to the generator 18 is
heated by a heating burner 19 so that a refrigerant vapor
20a is separated or released from the absorbent solution
17. The thus released refrigerant vapor 20a is increased
in purity by the rectifier 21 (Fig. 1), and the refrigerant
vapor 20a with increased purity is delivered from the rec-
tifier 21 (Fig. 1) to the condenser 22, as indicated by the
arrow C shown in Fig. 2.
[0019] The condenser 22 condenses the refrigerant
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vapor 20a into the refrigerant 20 and gives off heat to
water circulating through a water piping 25 disposed in-
side the condenser 22. The heated hot water is delivered
through the water piping 25 to the outside of the absorp-
tion refrigerator 10. The hot water as it flows downstream
along the water piping 25 is further heated by the boiler
12 and thereafter gives off heat to a heat exchanger 26
for a hot water tank and a heat exchanger 27 for a room
air-conditioner both shown in Fig. 1. The refrigerant 20
condensed by the condenser 22 is returned via a refrig-
erant piping 28 to the evaporator 15, as indicated by the
arrow D shown in Fig. 2.
[0020] The absorber 16 retains the absorbent solution
17 at a bottom part 31 thereof so that the refrigerant vapor
generated by the evaporator 15 is absorbed by the ab-
sorbent solution 17. As previously described, the absorb-
ent solution 17 retained at the bottom part 31 of the ab-
sorber 16 contains a DMI derivative (1, 3-dimethyl-2-im-
idazolidinone).
[0021] The absorption refrigerator 10 using the ab-
sorbent solution 17 containing the DMI derivative may
encounter a problem that due to the reaction between
the refrigerant and the outside air entering into the ab-
sorber 16, the reaction between a structural material of
the heat exchanger and the refrigerant, or the decompo-
sition of the refrigerant in the absorber 16, a non-con-
densable 33 gas is produced and the thus produced non-
condensable gas 33 will increase the internal pressure
of the absorber 16 and eventually deteriorate the per-
formance of the absorption refrigerator 10.
[0022] As previously discussed, while the absorption
refrigerator 10 is not operating, the non-condensable gas
33 spreads uniformly over the entire absorption refriger-
ator 10 due to diffusion. On the other hand, while the
absorbent refrigerator 10 is in operation, the non-con-
densable gas 33 is carried by a stream of the refrigerant
vapor into the absorber 16 and stays in the proximity of
a liquid level 17a of the absorbent solution 17 in the ab-
sorber 16. In order to extract the non-condensable gas
33 from the absorber 16, the heat pump unit 11 further
includes a gas extraction means or device 34 associated
with the absorber 16.
[0023] The gas extraction device 34 includes a gas
extraction tube 16 provided in the absorber 16 for ex-
tracting the non-condensable gas 33 from the absorber
16 while the absorption refrigerator 10 is in operation.
More specifically, the gas extraction device 34 is com-
prised of the gas extraction tube 35 disposed in the ab-
sorber 16 as shown in Figs. 3 and 4A, a connecting pipe
41 connected at one end to an upper end portion 35a of
the gas extraction tube 35, an extraction port 42 provided
at an opposite end 41a (downstream end with respect to
a flow direction of the non-condensable gas 33), and a
check valve 43 (Fig. 5) disposed in the extraction port 42.
[0024] The gas extraction tube 35 is mounted to extend
in a vertical direction within the absorber 16 and is open
at a lower end portion 35b thereof. The gas extraction
tube 35 includes a pressure balancing section 36 extend-

ing above a neighborhood H1 (Fig. 4) on an upper side
of a maximum liquid level 17MAX of the absorbent solution
17 held in the absorber 16, and a gas extracting section
37 continuous with the pressure balancing section 36
and extending below the neighborhood H1 on the upper
side of the maximum liquid level 17MAX of the absorbent
solution 17 in the absorber 16. The term "maximum liquid
level 17MAX" means a highest liquid level that the absorb-
ent solution 17 in the absorber 16 can reach while the
absorption refrigerator 10 is in operation.
[0025] The gas extraction tube 35 has a plurality suc-
tion holes 38, 39 formed therein and distributed over the
pressure balancing section 36 and the gas extracting
section 37. The pressure balancing section 36 has a mul-
tiplicity of suction holes 38 disposed above the neighbor-
hood H1 on the upper side of the maximum liquid level
17MAX of the absorber 16. On the other hand, the gas
extracting section 37 has a plurality of suction holes 39
disposed below the neighborhood H1 on the upper side
of the maximum liquid level 17MAX of the absorber 16.
The number of the suction holes 38 in the pressure bal-
ancing section 36 is larger than the number of suction
holes 39 in the gas extracting section 37.
[0026] More specifically, the pressure balancing sec-
tion 36 has three rows of suction holes 38 arranged at
regular intervals in a longitudinal direction of the pressure
balancing section 36. Each row of suction holes 38 in-
cludes a total of fifteen suction holes having a diameter
of 1.0 mm. The three rows of suction holes 38 are aligned
with one another in a circumferential direction of the pres-
sure balancing section 36 and spaced at equal intervals
in the circumferential direction of the pressure balancing
section 36, as shown in Fig. 4B.
[0027] The pressure balancing section 36 thus provid-
ed with the multiplicity of suction holes 38 has an opening
area S1 (which is represented by a total area of the suc-
tion holes 38). The opening area S1 is determined such
that the absorbent solution 17 can never be sucked by a
partial vacuum or suction created in an internal space 45
of the gas extraction tube 35 during the evacuation per-
formed by using a vacuum pump 74 (Fig. 7). Thus, the
suction holes 38 formed in the pressure balancing section
36 serve to maintain balance of the sucking force in such
a manner as to prevent the sucking of the absorbent so-
lution 17 caused by the effect of a sucking force created
under the action of the vacuum pump 74. The suction
holes 38 in the pressure balancing section 36 may be
also called "balancing holes".
[0028] The gas extracting section 37 has a total of sev-
en suction holes 39 arranged in a raw in a longitudinal
direction (vertical direction) of the gas extracting section
37. The suction holes 39 are spaced at non-uniform in-
tervals. More specifically, a set of three suction holes 39
is disposed adjacent to the pressure balancing section
36 and these three suction holes 39 are spaced at regular
intervals in the longitudinal direction (vertical direction)
of the gas extracting section 37. A first pair of suction
holes 39 is disposed below the set of three suction holes
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39 with a first predetermined space defined therebe-
tween, and a second pair of suction holes 39 is disposed
below the first pair of suction holes 39 with a second
predetermined space defined therebetween. The first
predetermined space is larger than the second predeter-
mined space.
[0029] The uppermost suction hole 39a of the plurality
(seven in the illustrated embodiment) of suction holes 39
is formed to located at a position above the maximum
liquid level 17MAX of the absorber 16. The suction holes
39 (including the uppermost one 39a) have a diameter
of 1.0 mm.
[0030] The gas extracting section 37 thus provided
with the plurality of suction holes 39 has an opening area
S2 (which is represented by a total area of the suction
holes 39). The opening area S2 is determined such that
a pressure difference created between the gas extraction
tube 35 and the absorber 16 during the evacuation per-
formed by using the vacuum pump 74 (Fig. 7) is limited
to a predetermined small value. With the opening area
S2 thus determined, the sucking force acting on the in-
ternal space 45 of the gas extraction tube 35 during the
evacuation can only suck the non-condensable gas 33
into the gas extraction tube 35.
[0031] It can readily be appreciated that during the
evacuation by the vacuum pump 74 (Fig. 7), the risk of
sucking the absorbent solution 17 becomes greatest
when the liquid level 17a of the absorbent solution 17 in
the absorber 16 rises to the maximum liquid level 17MAX.
To avoid the risk, the relationship between the opening
area S1 of the pressure balancing section 36 and the
opening area S2 of the gas extracting section 37 is de-
termined such that when the liquid level 17a of the ab-
sorbent solution 17 rises to the maximum liquid level
17MAx, no absorbent solution can be sucked by the effect
of a sucking force created while the vacuum pump 74
(Fig. 7) is in operation.
[0032] Thus, the relationship between the two opening
areas S1 and S2 is determined in view of the intensity of
a sucking force created by the vacuum pump 74, so as
to preclude the risk of sucking the absorbent solution 17
at the maximum liquid level 17MAX. By thus determining
the relationship between the two opening areas S1 and
S2, it is possible to provide a pressure balance, which
ensures that only the non-condensable gas 33 can be
sucked into the gas extraction tube 35 without involving
undesired sucking of the absorbent solution 17.
[0033] Operation to extract the non-condensable gas
33 through the gas extraction tube 35 to the outside of
the absorber 16 will be described below in greater detail
with reference to Fig. 8.
[0034] As thus far described, the pressure balancing
section 36 has a multiplicity of suction holes 38 formed
therein, and the internal space 45 of the gas extraction
tube 35 communicates with an internal space of the ab-
sorber 16 via the suction holes 38 of the pressure bal-
ancing section 36. Thus, by properly determining the
number and the arrangement of the suction holes 38, it

is possible to provide a pressure balance that can limit a
pressure difference created between the gas extraction
tube 35 and the absorber 16 during the evacuation by
the vacuum pump 74 (Fig. 7) to a predetermined small
value. With the pressure difference thus created, only
the non-condensable gas 33 is sucked into the gas ex-
traction tube 35 without involving undesired socking of
the absorbent solution 17 and then discharged to the
outside of the absorber 16.
[0035] As shown in Fig. 5, the check valve 43 is dis-
posed in the extraction port 42 and includes a valve body
51 having a valve opening 51a, a valve element 52 mov-
ably disposed in the valve body 51 and urged by a spring
member 53 against a valve seat 54 defined around the
valve opening 51a. With this arrangement, the valve
opening 51a of the check valve 43 is normally closed by
the valve element 52 so that the non-condensable gas
33 is prevented from flowing out through the extraction
port 42. By thus providing the check valve 43, it is possible
to prevent the leakage of non-condensable gas 33
through the extraction port 42 during normal operating
condition of the absorbent refrigerator 10.
[0036] The extraction port 42 has an end flange 57 at
a discharge end thereof, and a blind flange 58 is con-
nected by bolts 59 to the end flange 57 so as to close or
cover a discharge end side of the check valve 43. When
the non-condensable gas 33 is to be extracted through
the extraction port 42, the blind flange 58 is removed from
the end flange 57 and the discharge end side of the check
valve 43 is exposed to the outside.
[0037] Next, description will be made about an opera-
tion to extract the non-condensable gas 33 (Fig. 4)
through the extraction port 42 by using an evacuation
tool 62 (Figs. 6 and 7) with reference to Figs. 5 to 7.
[0038] At first, the blind flange 58 is removed from the
end flange 57 of the extraction port 42 by loosening the
bolts 59. Then, as shown in Fig. 6, the evacuation tool
62 is attached to the end flange 57 of the extraction port
42. More particularly, an attachment flange 64 formed at
the front end of a rod holder 63 is connected by the bolts
59 to the end flange 57 of the extraction port 42. Subse-
quently, a dial 66 (Fig. 6) mounted on a push rod 67 is
rotated by a human operator whereupon the push rod 67
rotates with the dial 66. The push rod 68 has an externally
threaded portion 71, and the rod holder 63 has an inter-
nally threaded portion 63a, which is threadedly engaged
with the externally threaded portion 71 of the push rod
68. With this arrangement, rotating the dial 67 in a direc-
tion to advance the push rod 68 will cause the push rod
68 to advance toward the check valve 43 as indicated by
the arrow E shown in Fig. 6. The push rod 68 has a push-
pin 72 provided at a front end thereof.
[0039] Accordingly, as shown in Fig. 7, advancing
movement of the push rod 68 toward the check valve 43
will cause the pushpin 72 to engage the valve element
52 of the check valve 43 and subsequently force the valve
element 52 in a direction away from the valve seat 54
against the force of the spring member 53. With this dis-
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placement of the valve element 52, the valve opening
51a of the valve body 51 is opened. The vacuum pump
74 connected to the evacuation tool 62 is operated
whereupon the non-condensable gas 33 (Fig. 4) is ex-
tracted from the extraction port 42 and recovered into a
gas extraction tank 75 (Figs. 6 and 7) as indicated by the
arrows F shown in Fig. 7.
[0040] The check valve 43 provided in the extraction
port 42 allows for easy and reliable extraction of the non-
condensable gas 33 through the extraction port 42 that
can be achieved at, for example, regular inspections.
[0041] Next, an operation to the absorber 16 for re-
moving the non-condensable gas 33 by operating the
vacuum pump 74 will be described below with reference
to Figs. 8A and 8B.
[0042] While the absorption refrigerator 10 is in oper-
ation, the liquid level 17a of the absorbent solution 17
changes from moment to moment. Fig. 8A shows a con-
dition in which the liquid level 17a of the absorbent solu-
tion 17 is slightly lower than the maximum liquid level
17MAX, whilst Fig. 8B shows a condition in which the liquid
level 17a of the absorbent solution 17 is considerably
lower than the maximum liquid level 17MAX,
[0043] As shown in Fig. 8A, the liquid level 17a of the
absorbent solution 17 is slightly lower than the maximum
liquid level 17MAX of the absorber 16. Among the suction
holes 39 formed in the gas extracting section 37 of the
gas extracting tube 35, the uppermost suction hole 39a
is disposed above the liquid level 17a of the absorbent
solution 17, and the remaining suction holes 39 are dis-
posed below the liquid level 17a and, hence, they are
submerged in the absorbent solution 17. In this condition,
the vacuum pump 74 (Fig. 7) is operated whereupon a
suctioning force P1 (not shown) is created in the internal
space 35 of the gas extraction tube 35.
[0044] In this instance, if the opening area S1 of the
pressure balancing section 36 were not provided, the
sucking force P1 (not shown) would act directly on interior
of the gas extracting section 37 and suck the absorbent
solution 17 received in the gas extracting section 37 of
the gas extraction tube 35. As previously discussed, the
risk of sucking the absorbent solution 17 becomes great-
est when the liquid level 17a of the absorbent solution
17 is equal to the maximum liquid level 17MAX.
[0045] According to the present invention, the opening
area S1 is provided on the pressure balancing section
36 by forming a multiplicity of suction holes 38 in the
pressure balancing section 36 of the gas extraction tube
35. With the opening area S1 thus provided in the pres-
sure balancing section 36, it is possible to limit a sucking
force of the vacuum pump 74 to a predetermined small
value, which will ensure that a difference in internal pres-
sure between the absorber 16 and the gas extraction
tube 35 can be set in an appropriate manner. By virtue
of the pressure difference (or pressure balance) thus pro-
vided, only the non-condensable gas 33 can be sucked
from the uppermost suction hole 39a into the gas extrac-
tion tube 35 as indicated by the arrow G shown in Fig.

8A, without involving undesired sucking of the absorbent
solution 17. The sucked non-condensable gas 33 will
then be discharged to the outside of the absorber 16 as
indicated by the arrow H shown in Fig. 8A.
[0046] In the condition shown in Fig. 8, the liquid level
17a of the absorbent solution 17 is considerably lower
than the maximum liquid level 17MAX, and five out of sev-
en suction holes 39 are disposed above the liquid level
17a. When the vacuum pump 74 (Fig. 7) is operated, a
sucking force P2 (not shown) is created in the internal
space 45 of the gas extraction tube 35.
[0047] In this instance, because of the multiple suction
holes 38 formed in the pressure balancing section 36 of
the gas extraction tube 35 so as to provide the opening
area S1, it is possible to limit the sucking force P2 (not
shown) to a predetermined small value. This arrange-
ment will ensure that a difference in internal pressure
between the absorber 16 and the gas extraction tube 35
can be set in an appropriate manner. By virtue of the
pressure difference (or pressure balance) thus provided,
only the non-condensable gas 33 can be sucked through
the exposed five suction hole 39 into the gas extraction
tube 35 as indicated by the arrow I shown in Fig. 8B,
without involving undesired sucking of the absorbent so-
lution 17. The sucked non-condensable gas 33 will then
be discharged to the outside of the absorber 16 as indi-
cated by the arrow J shown in Fig. 8B.
[0048] The invention has thus been described in con-
junction with two particular conditions shown in Figs. 8A
and 8B, where in the first condition shown in Fig. 8A, the
extraction of the non-condensable gas 33 is performed
at a liquid level 17a which is slightly lower than the max-
imum liquid level 17MAX, while in the second condition
shown in Fig. 8B, the extraction of the non-condensable
gas 33 is performed at a liquid level 17a which is consid-
erably lower than the maximum liquid level 17MAX. In both
conditions, only the non-condensable gas can 33 be ex-
tracted without involving undesired socking of the ab-
sorbent solution 17. It is to be noted however that the
same effect can be attained at any absorbent solution
level.
[0049] Particularly as shown in Figs. 4A and 4B, the
pressure balancing section 36 of the gas extraction tube
35 has a multiplicity of suction holes 38, and all of these
suction holes 38 are disposed above a neighborhood H1
on an upper side of the maximum liquid level 17MAX of
the absorber 16. Furthermore, the gas extracting section
37 of the gas extraction tube 35 has a plurality of suction
holes 39, and all of the suction holes 39 are disposed
below the neighborhood H1 on the upper side of the max-
imum liquid level 17MAX of the absorber 16. The upper-
most suction hole 39a of the suction holes 39 is disposed
above the maximum liquid level 17MAX of the absorber
16. With this arrangement, even when the liquid level 17a
of the absorbent solution 17 is equal to the maximum
liquid level 17MAX of the absorber 16, the non-conden-
sable gas 33 can solely and reliably be extracted through
the uppermost suction hole 39a into the gas extraction
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tube 35 in the like manner as indicated by the arrow G
shown in 8A, without involving undesirable sucking of the
absorbent solution 17.
[0050] Referring next to Fig. 9, an absorption refriger-
ator 80 according to a second embodiment of the present
invention will be described. As for the absorption refrig-
erator 80, these parts which are similar or identical to
those parts described above in conjunction with the ab-
sorbent refrigerator 10 of the first embodiment will be
designated by the same reference characters. The ab-
sorption refrigerator 80 differs from the absorption refrig-
erator 10 of the first embodiment in that a second gas
extraction means or device 81 associated with the con-
denser 22 in additional to the gas extraction device 34
associated with the absorber 16. The second gas extrac-
tion device 81 includes a gas extraction tube 82 disposed
vertically in the condenser 22. The gas extraction tube
82 is structurally and functionally the same as the gas
extraction tube 35 of the first embodiment.
[0051] While the absorption refrigerator 80 is in oper-
ation, non-condensable gas 33 produced in the absorp-
tion refrigerator 80 is carried by a stream of refrigerant
vapor into the absorber 16 and stays at a neighboring
region of the liquid level 17a of the absorbent solution 17
held within the absorber 16. At the same time, it may
occur that part of the non-condensable gas 33 is carried
into the condenser 22 and stays at a neighboring region
of the liquid level 20a of the refrigerant 20 held in the
condenser 22.
[0052] In order to extract the non-condensable gas 33
from the condenser 22, the gas extraction tube 82 has a
multiplicity of suction holes 86 formed in a pressure bal-
ancing section 83 of the gas extraction tube 82, and a
plurality of suction holes 87 formed in a gas extracting
section 84 of the gas extraction tube 82. The suction
holes 86 in the pressure balancing section 83 are greater
in number than the suction holes 87 in the gas extracting
section 84.
[0053] The suction holes 86 of the pressure balancing
section 83 are disposed above a neighborhood H2 on an
upper side of a maximum liquid level 20MAX of the refrig-
erant 20, while the suction holes 87 of the gas extracting
section 84 are disposed below the neighborhood H2 on
the upper side of the maximum liquid level 20MAX of the
refrigerant 20. Furthermore, the uppermost suction hole
87a of the plurality of suction holes 87 is disposed above
the maximum liquid level 20MAX of the refrigerant 20 held
in the condenser 22. The term "maximum liquid level
20MAX" means a highest liquid level that the refrigerant
20 in the condenser 22 can reach while the absorption
refrigerator 80 is in operation.
[0054] According to the absorption refrigerator 80 ac-
cording to the second embodiment of the present inven-
tion, the non-condensable gas 33 staying in the neigh-
boring region of the liquid level 17a of the absorbent so-
lution 17 held within the absorber 16 can be extracted by
the gas extraction tube 35 provided in the absorber 16.
Furthermore, the non-condensable gas 33 staying in the

neighboring region of the liquid level 20a of the refrigerant
20 held in the condenser 22 can be extracted by the gas
extraction tube 82 disposed in the condenser 22. Thus,
the non-condensable gas 33 produced in the absorption
refrigerator 80 can be extracted with improved efficiency.
[0055] The absorption refrigerators according to the
invention should by no means be limited to those de-
scribed above with reference to the accompanying
sheets of drawings. Instead, various changes and mod-
ifications are possible in the light of the teachings of the
invention. For instance, the gas extraction device 34 pro-
vided in the absorption refrigerator 80 of the second em-
bodiment can be omitted. Furthermore, the gas extrac-
tion tubes 35 and 82 used in the illustrated embodiments
are open at their lower ends 35b, 82b thereof. As an
alternative, the lower ends 35b, 82b of the gas extraction
tubes 35, 82 may be closed. In the latter case, the ab-
sorbent solution 17 is introduced into the gas extraction
tube 35 via the suction holes 39 formed in the gas ex-
tracting section 37 and the introduced absorbent solution
17 rises to the same liquid level as the maximum liquid
level 17MAX of the absorber 16. Similarly, the refrigerant
20 is introduced into the gas extraction tube 82 via the
suction holes 87 formed in the gas extracting section 84
and the introduced refrigerant 20 rises to the same liquid
level as the maximum liquid level 20MAX of the condenser
22.
[0056] Furthermore, the number, the shape and the
arrangement of the suction holes 38; 86 formed in the
pressure balancing sections 36; 83, as well as the
number, the shape and the arrangement of the suction
holes 39; 87 formed in the gas extracting section 37; 84
should by no means be limited those disclosed in the
illustrated first and second embodiments, but may be
changed appropriately in accordance with a sucking
force (or capacity) of the vacuum pump 74.
[0057] Yet, the shape and configuration of the absorp-
tion refrigerators 10, 80 including the evaporator 15, ab-
sorber 16, generator 18, condenser 22, gas extraction
tubes 35, 82, pressure balancing sections 36, 83, gas
extracting sections 37, 84, suction holes 38, 39, 86, 87,
ext4action port 42, and the check valve 43 can be
changed as appropriate in accordance with the need.
[0058] An absorption refrigerator includes a gas ex-
traction tube (35) for extracting non-condensable gas
(33) from the absorption refrigerator. The gas extraction
tube is disposed vertically in an absorber (16) and in-
cludes a pressure balancing section (36) extending
above a neighborhood on an upper side of a maximum
liquid level (17MAX) of the absorber, and a gas extracting
section (37) extending below the neighborhood on the
upper side of the maximum liquid level of the absorber.
The gas extraction tube has a plurality of suction holes
(38, 39) formed therein and distributed over the pressure
balancing section and the gas extracting section.
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Claims

1. An absorption refrigerator, comprising:

an evaporator (15) which absorbs heat from the
outside and causes a refrigerant (20) to evapo-
rate, thereby generating a refrigerant vapor
(20a);
an absorber (16) which causes the refrigerant
vapor (20a) to be absorbed by an absorbent so-
lution (17);
a generator (18) which heats the absorbent so-
lution (17) including the refrigerant vapor (20a)
absorbed therein to release the refrigerant vapor
(20a) from the absorbent solution (17); and
a condenser (22) which condenses the thus re-
leased refrigerant vapor into the refrigerant and
gives off heat to the outside,

characterized in that
a gas extraction tube (35; 82) is disposed vertically
in at least one of the absorber (16) and the condenser
(22) for extracting non-condensable gas (33) from
the absorption refrigerator,
wherein the gas extraction tube (35; 82) includes a
pressure balancing section (36; 83) extending above
a neighborhood on an upper side of a maximum liq-
uid level (17MAX; 20MAX) of the absorber (16) or the
condenser (22), and a gas extracting section (37;
84) continuous with pressure balancing section (36;
83) and extending below the neighborhood on the
upper side of the maximum liquid level (17MAX;
20MAX) of the absorber (16) or the condenser (22),
and
wherein the gas extraction tube (35; 82) has a plu-
rality of suction holes (38, 39; 86, 87) formed therein
and distributed over the pressure balancing section
(36; 83) and the gas extracting section (37; 87).

2. The absorption refrigerator of claim 1, wherein the
plurality of suction holes (38, 39; 86, 87) are arranged
such that the pressure balancing section (36; 83)
has an opening area (S1) larger than an opening
area (S2) of the gas extracting section (37; 84).

3. The absorption refrigerator of claim 2, wherein the
gas extracting section (37; 84) has a plurality of suc-
tion holes (39; 87) arranged in a vertical direction of
the gas extraction tube (35. 82), and an uppermost
suction hole (39a; 87a) of the plurality of suction
holes (39; 87) is disposed above the maximum liquid
level (17MAX; 20MAX) of the absorber (16) or the con-
denser (22).

4. The absorption refrigerator of any one of claims 1 to
3, wherein the gas extraction tube (35; 82) is con-
nected to an extraction port (42) through which the
non-condensable gas is discharged to the outside,

and the extraction port (42) is provided with a check
valve (43) for blocking leakage of the non-conden-
sable gas through the extraction port (42).
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